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Claims 

1 . A microfluidic device comprising 

a body structure provided with a microchannel and an inlet port and an outlet port, 
wherein said inlet port and outlet port are formed on an exterior surface of said body 
5 structure and are in fluid communication with said microchannel, wherein said 

microchannel has an interior surface that is coated with a polymer comprising monomer 
units represented by the formula: 




10 wherein R, Ri, R 2 , R3, R4, R5, R*> and R 7 are independently selected from the group 
consisting of Ci-Cis alkyl, C2-C18 alkenyl, C 2 -Ci 8 alkynyl, Ci-C 8 alkylcarboxyl, Ci-Cg 
alkyl(NR 20 R2iR22) + , C r C 8 alkyl(NR 2 iR2 2 ), Ci-C 8 alkyl(NHR 22 ), Ci-C 8 alkylsulfate, C 3 -C 8 
cycloalkyl, and C5-C6 aryl; 

R20, R21 and R 22 are independently selected from the group consisting of C1-C4 

15 alkyl; 

m is 1; 

n is an integer ranging from 1 to 50 and 
2 is 0 or 1. 

20 2. The microfluidic device of claim 1 wherein z is zero and Ri, R 2 , R3, R4, 

R 5 , R6, and R 7 are independently selected from the group consisting of Ci-Ci 8 alkyl, C 2 - 
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Cis alkenyl, C 2 -Ci 8 alkynyl, d-Cg alkylcarboxyl, Ci-Cs alkylsulfate, C3-C8 cycloalkyl, 
and C5-C6 aryl. 

3. The microfluidic device of claim 2 wherein Ri, R 2 , R3, R4, Rs> Rfc and R7 
are identical. 

4. The microfluidic device of claim 1 wherein z is zero and R u R 2 , R3, Ri, 
R 5 , Re, and R 7 are independently selected from the group consisting of Ci-Cs alkyl, and 
C 5 -C 6 aryl. 

5. The microfluidic device of claim 1 wherein z is 1, R is phenyl and Ri, R 2 , 
R 3 , R4, R5, R<>> and R 7 are each C1-C3 alkyl. 

6. A method of bonding a first silica based substrate to a second substrate 
wherein said second substrate comprises a silica composition or a polymer, said method 
comprising the steps of 

placing a POSS copolymer film between the first and second substrate; 
pressing the first and second substrate together for a predetermined length of time 
to press the POSS copolymer between the first and second substrate; and 

heating the POSS copolymer to a temperature ranging from about 100°C to about 

200°C. 

7. The method of claim 6 wherein the step of placing the POSS copolymer 
film between the first and second substrate comprises coating a first surface of the first 
substrate with a composition comprising a polymer produced by polymerizing a mixture 
comprising methylmethacrylate and a compound of the general structure: 



o 
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wherein Ri, R 2 , R 3 , R4, R 5 , R$, and R 7 are independently selected from the group 
consisting of Ci-C 6 alkyl, C 2 -C 6 alkenyl, C2-C6 alkynyl, C 3 -C 8 cycloalkyl, and C 5 -Ce 
aryl. 

8. The method of claim 6 wherein the step of placing the POSS copolymer 
film between the first and second substrate comprises coating a first surface of the second 
substrate with a composition comprising a polymer produced by polymerizing a mixture 
comprising methylmethacrylate and a compound of the general structure: 



wherein Ri, R2, R3, R4, R5, R$> and R7 are independently selected from the group 
consisting of Q-Ce alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3~Cg cycloalkyl, and C5-C6 
aryl. 

9. The method of claim 7 further comprising the step of coating a first 
surface of the second substrate with said composition prior to the step of pressing the first 
and second substrate together. 

10. The method of claim 6 wherein the first and second substrates are pressed 
together at a pressure ranging from about 1 MPa to about 24 MPa. 

1 1 . The method of claim 6 wherein the second substrate comprises a polymer 
selected from the group consisting of PMMA, pblycarbonate, a POSS copolymer and 
polyethylene terephthalate. 

12. The method of claim 6 wherein the second substrate comprises a silica 
based substrate having different thermal expansion properties relative to said first silica 
based substrate. 



o 
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13. The method of claim 7 or 8 wherein said coating is applied by spin 
coating. 

5 14. The method of claim 6 wherein Ri, R 2 , R 3 , R*, R5, R6, and R7 are 

independently selected from the group consisting of C1-C4 alkyl and C5-C6 aryl. 

15. The method of claim 14 wherein Ri, R 2 , R3, R45 R5, R6> and R7 are 
identical. 

10 

16. A method of preparing a microfluidic device said method comprising the 
steps of 

providing a silica based coverplate, wherein said coverplate comprises a first and 
second port, and a base, wherein said base comprises a microchannel; 
15 coating a surface of the silica based coverplate or the microchannel bearing 

surface of the base with a first composition comprising a polymer produced by 
polymerizing a mixture comprising methylmethacrylate, and a compound of the general 
structure: 




20 wherein Ri, R 2 , R3, R4, Rs, Ra, and R7 are independently selected from the group 

consisting of Ci-C 6 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, C 3 -C 8 cycloalkyl, and C 5 -C 6 
aryl; 

contacting the silica based coverplate with the microchannel bearing surface of the 
base, for a predetermined length of time, in an orientation that places the first and second 
25 ports of the coverplate in fluid communication with the microchannel and places the 
coated surface between the coverplate and the base; 
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heating the contacted surfaces to a temperature ranging from about 100°C to about 
200°C; and 

contacting the inner surface of the microchannel with a second composition 
comprising a polymer produced by polymerizing a mixture comprising 
5 methylmethacrylate, and a compound of the general structure: 

O 



wherein Rn, R12, R13, Ri4, R15, Ri6, and R n are independently selected from the group 
consisting of d-Cig alkyl, C 2 -Ci 8 alkenyl, C 2 -Ci 8 alkynyl, Ci-C 8 alkylcarboxyl, d-Cg 
alkyl(NR 2 oR2iR22) + a Ci-C 8 alkyl(NR 2 iR22), Ci-C^alkyKTsfHR^), Ci-C 8 alkylsulfate, C 3 -Cs 
1 0 cycloalkyl, and C 5 -C 6 aryl, wherein R 2 o» R21 and R^ are independently selected from the 
group consisting of C1-C4 alkyl. 

17. The method of claim 16, wherein Rn, R12, Rn, R14, R15, Ri6,and Rn are 
independently selected from the group consisting of Ci-C 8 alkyl, C 2 -Cg alkenyl, C 2 -C 8 

15 alkynyl, C3-C 8 cycloalkyl, and C5-C6 aryl;. 

1 8. The method of claim 1 6 further comprising the step of contacting the inner 
surface of the microchannel with an organic solvent after the heating step and prior 
contacting the microchannel with said second composition. 



19. The method of claim 1 6 or 1 8 further comprising the step of contacting the 
inner surface of the microchannel with a compound selected from the group consisting of 
NaOH, HC1 and HNO3 after the heating step and prior contacting the microchannel with 
said second composition. 




16 



20 



25 



20. A microfluidic device produced by the method of claim 6, 16, 1 8 or 19. 
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21. A hybrid microfluidic device, said device comprising 
a silica based component; and 

a polymer component, wherein the silica based component is bonded to the 
polymer component through a polymer film comprising a repeating subunit represented 
5 by the general structure: 




wherein Ri, R 2 , Rs, R* Rs> R*, and R 7 are independently selected from the group 
consisting of C r C 6 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, C 3 -C 8 cycloalkyl, and C 5 -C 6 
10 aryl; 

mis 1; and 

n is an integer ranging from 1 to 50. 

22. The hybrid device of claim 21 wherein the silica component comprises a 
coverplate and the polymer component comprises a body structure formed by said 
polymer, wherein the body structure is provided with a microchannel and an inlet port 
and an outlet port, wherein said inlet port and outlet port are formed on an exterior 
surface of said body structure and are in fluid communication with said microchannel, 
and said microchannel has an interior surface that is coated with a polymer comprising 
monomer units represented by the formula: 



15 



20 
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wherein R, Ri, R 2 , R 3 , Rt, Rs, Re, and R 7 are independently selected from the group 
consisting of Ci-Cig alkyl, C 2 -Ci 8 alkenyl, C2-C18 alkynyl, Ci-C 8 alkylcarhoxyl, Ci-C 8 
5 alkyl(NR 20 R 2 iR22) + , C,-C 8 alkyKNRiiRzi), C,-C 8 alkyl(NHR22), Ci-C 8 alkylsulfate, C 3 -C 8 
cycloalkyl, and C5-C6 aryl; 
mis 1; 

n is an integer ranging from 1 to 50 and 
zisOorl. 

10 

23 The hybrid device of claim 22 wherein said coverplate is provide with two 
ports that are aligned with the inlet and outlet ports to allow fluid communication between 
the microchannel and the exterior surface of the device. 

15 24. The hybrid device of claim 21 wherein the silica component comprises a 

first body structure formed from silica oxide, wherein the first body structure is provided 
with a first microchannel and an inlet port and an outlet port, wherein said inlet port and 
outlet port are formed on an exterior surface of said first body structure and are in fluid 
communication with said first microchannel, and said polymer component comprises a 

20 second body structure formed by said polymer, wherein the second body structure is 

provided with a second microchannel having a first and second end, wherein the first end 
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of the second microchaimel is in fluid communication with said outlet port and the second 
end of the second microchannel is in fluid communication with the exterior surface of 
said second body structure. 

25. The hybrid device of claim 24 wherein the polymer comprising the second 
body structure is a polymer produced by polymerizing a mixture comprising 
methylmethacrylate, and a compound of the general structure: 



wherein R n , Rn, Ri3, Rn, Ris, Ri& and Rn are independently selected from the group 
10 consisting of Ci-Cis alkyl, C 2 -Ci 8 alkenyl, C 2 -Ci 8 alkynyl, C 3 -C 8 cycloalkyl, and C 5 -C 6 
aryl. 

26. The hybrid device of claim 24 wherein the polymer comprising the second 
body structure is selected from the group consisting of PET, PMMA and polycarbonate. 



o 
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27. The hybrid device of claim 24 wherein the inner surface of the second 
toannel is coated with a polymer comprising monomer units represented by the 



formula: 
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wherein R, Ri, R 2 , R3, Rh R5, Re, and R 7 are independently selected from the group 
consisting of Ci-Cis alkyl, C 2 -Ci 8 alkenyl, C 2 -Ci 8 alkynyl, Ci-C 8 alkylcarboxyl, Ci-C 8 
5 alkyl(NR 2 oR2iR22) + , C,-C 8 alkyl(NR 2 iR 22 ), Ci-C 8 alkyl(NHR 22 ), Ci-C 8 alkylsulfate, C 3 -C 8 
cycloalkyl, and C5-C6 aryl; 
m is 1; 

n is an integer ranging from 1 to 50; and 
z is 0 or 1. 

10 

28. A microfluidic device comprising a first substrate bound to a second 
substrate via a POSS copolymer wherein the second substrate is provided with a first 
microchannel and an inlet port and an outlet port, wherein said inlet port and outlet port 
are formed on an exterior surface of said first substrate and are in fluid communication 

1 5 with said first microchannel. 

29. The device of claim 28 wherein the first substrate comprises a glass 
coverplate. 

20 30. The device of claim 29 wherein the second substrate is comprised of glass 

having different thermal expansion properties than the glass comprising the coverplate. 
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3 1 . The device of claim 29 wherein the second substrate is comprised of a 
thermoplastic polymer. 

32. The device of claim 3 1 wherein the thermoplastic polymer is PMMA or a 
POSS copolymer. 

33. The device of claim 28 wherein the first substrate and second substrate are 
both comprised of a thermoplastic polymer. 

34. The device of claim 33, wherein said first substrate is provided with a 
second microchannel having a first and second end, wherein the second end of the second 
microchannel is in fluid communication with said outlet port of the second substrate and 
the first end of the second microchannel is in fluid communication with an exterior 
surface of said second substrate. 



35. The device of claim 28, 31 or 34 wherein the POSS copolymer is a 
polymer produced by polymerizing a mixture comprising methylmethacrylate, anc 
compound of the general structure: 



wherein Ri, R 2 , R 3 , R*, Rs, Re, and R 7 are independently selected from the group 
consisting of Ci-C 6 alkyl, C 2 -C 6 alkenyl, Cz-C 6 alkynyl, C 3 -Cg cycloalkyl, and C 5 -C 6 



36. The device of claim 34 wherein the first and second microchaimels are 
coated with a POSS copolymer produced by polymerizing a mixture comprising 
methylmethacrylate, and a compound of the general structure: 




aryl. 
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wherein Ri, R 2 , R3, R4, Rs, Re, and R 7 are independently selected from the group 
consisting of Ci-Cig alkyl, C 2 -Ci 8 alkenyl, C 2 -Ci 8 alkynyl, Ci-C 8 alkylcarboxyl, Ci-C 8 
alkyl(NR 20 R 2 iR 22 ) + , e 1 -C 8 alkyl(KR 2 iR 22 ), Ci-C 8 alkyl(NHR 22 ), C r C 8 alkylsulfate, C 3 -C 8 
5 cycloalkyl, and C5-C6 aryl. 
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